Layer-structured oxide Li 2 MoO 3 was surface modified via a facile ball-milling followed by heat treatment to obtain carbon-coated materials with enhanced electrochemical performances. The samples were characterized through XRD, SEM, TEM, Raman spectroscopy, charge-discharge and EIS measurements. The structural and morphological characterization confirmed that Li 2 MoO 3 particles were successfully covered with nano-sized carbon layer, and the coating of carbon had no obvious effect on the crystal structure of Li 2 MoO 3 . Charge-discharge tests demonstrated that the carbon-coated materials presented improved reversible capacities, cyclability and rate capability compared to the pristine Li 2 MnO 3 . EIS results revealed the enhanced electrochemical performances would contribute to the carbon coating layer, which could decrease the charge transfer resistance upon cycling.
INTRODUCTION
With the ever-growing demands of high-density lithium ion batteries, there has been increasing interest to develop cathode materials with high specific capacity. In the ongoing search for higher capacity cathode materials than LiCoO 2 or LiNi 1/3 Co 1/3 Mn 1/3 O 2 , considerable efforts have been focused on lithium-rich layered materials Li 2 MnO 3 -LiMO 2 (M=Mn, Ni, and Co, etc.) with reversible capacities over 250 mAhg -1 [1] [2] [3] [4] [5] [6] . However, the Li 2 MnO 3 -LiMO 2 series suffer from some drawbacks such as large irreversible capacity loss in the initial cycle, fast voltage fading during cycling due to oxygen evolution and structural degradation [2] [3] [4] . Therefore, much work has been made to seek the replacement of Li 2 MnO 3 with other lithium-rich layered oxides Li 2 MO 3 (M=Mo, Ru, Ir, Sn, Ti, etc.) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Among them, Li 2 MoO 3 has been extensively investigated owing to its high theoretical capacity of 339 mAhg -1 [7] [8] [9] [10] [11] [12] . However, the low electronic conductivity of Li 2 MoO 3 may hinder the charge transfer and thus result in poor rate performance [10, 11] . Metal ions doping and carbon coating have been confirmed as effective methods to enhance the electrochemical performances of electrode materials with low electronic conductivity [18] [19] [20] [21] [22] . Recently, partial substitutions of the transition metal Mo with Cr [9] , Fe [12] have been reported to enhance the electrochemical performance of Li 2 MoO 3 . However, there was little work concerning the impact of carbon coating on the electrochemical performances of Li 2 MoO 3 . Here, we prepare carbon-coated Li 2 MoO 3 cathode materials by using glucose as carbon source via a facile solid-state method. The impacts of carbon coating on the crystal structure, morphology and electrochemical behaviors are studied. 
EXPERIMENTAL

Materials synthesis
Characterization
The phase structure of the pristine and carbon-coated Li 2 MoO 3 materials was analyzed by Xray diffraction (XRD, X'Pert, PANalytical). For observation of morphology and microstructure of the obtained samples, scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were performed on S-4800 and JEM-2100F. Raman measurement was recorded in a Renishaw inVia Raman Microscope using 532 nm laser.
Electrochemical measurements
The tested coin-cells were assembled with cathode electrode (Li 2 MoO 3 : carbon black: PVDF=70: 20: 10), anode electrode (lithium foil), one layer of separator (Celgard) and the electrolyte (1 M LiPF 6 in EC/DMC= 1/1 in volume). Charge-discharge data of the cells were recorded by battery test system (CT2001A, Land) between 1.5V and 4.5 V. The electrochemical impedance spectroscopy (EIS) analysis was conducted through an electrochemical workstation (CHI660B, Chenhua) ranging from 0.01Hz to 10 5 Hz with the amplitude of 5 mV.
RESULTS AND DISCUSSION
XRD patterns of the samples with various amounts of glucose are shown in Fig. 1 . The diffraction peaks of as-prepared Li 2 MoO 3 could be indexed to the α-NaFeO 2 structure with space group R-3m. No obvious impurities or secondary phase are observed in the patterns of glucose modified samples. The results suggest that the surface treatment has no apparent influence on the phase structure of Li 2 MoO 3 . The absence of diffraction peaks corresponding to the carbon may be due to the amorphous state or low content of the carbon. Obviously, there is some difference in morphology for the particles before and after glucose modification. The pristine sample is composed of irregular elongated particles with width in the range of 1~2 µm. After modified by glucose, primary particle sizes of Li 2 MoO 3 reduce, which is agreed well with previous results as have been reported in LiFePO 4 [23] . The particle aggregation tends to become more serious with an increase in glucose amount, indicating that the more glucose is, the more particles might bond together by carbon formed during heating treatment.
Figure 2. SEM images of the samples with various amounts of glucose
The morphology and state of surface carbon were investigated by TEM and Raman measurements. Fig. 3a -b exhibit the TEM images of 5G and 15G samples. The nano-scale amorphous carbon layers can be detected on the surface of Li 2 MoO 3 particles for all samples. Compared to the carbon shell in 5G sample, the shell in 15G sample shows better continuity and uniformity. The thickness of the coated carbon shell derived from glucose is ~10 nm for 15G sample. The Raman spectroscopy is presented in Fig. 3c . Fig. 4 shows the charge and discharge curves of the initial cycle for all samples between 1.5V and 4.5 V at 5 mAg -1 . The carbon coated samples show higher initial discharge capacity than that of the pristine one. Notably, the discharge capacities depend on the amount of glucose. The initial discharge capacities firstly increase and then decrease with an increase of glucose amount. The 15G sample exhibits the highest first discharge capacity of 299.5 mAhg -1 , while that of pristine sample is only 178.5 mAhg -1 . Moreover, the difference of the charge and discharge potentials decreases after carbon-coating, which should be mainly due to the increase of the electronic conductivity by coating carbon on Li 2 MoO 3 . In addition, the initial coulombic efficiency of pure Li 2 MoO 3 is only 86%, while the coulombic efficiency of all carbon coated samples exceeds 100% for the first cycle. For coating carbon, the ball-milling process was carried out under air in the present work. As previous report, the 131.1% compared with the capacity of sample without carbon coating. Moreover, the capacity decay rate of the carbon-coated Li 2 MoO 3 is less than the pristine one. For example, the discharge capacity of 0G sample is 103.6 mAhg -1 in the first cycle and fades to 46. The rate performance of the 0G and 15G samples is presented in Fig. 6 . The cells were cycled from 5mAg -1 to 20 mAg -1 and each rate kept for fifteen cycles between 1.5V and 4.5V. As observed, the 15G sample displays improved rate performance in the range of tested C-rate. At all C-rate, 15G sample exhibits higher discharge capacities and the capacity-gaps between 0G and 15 G samples become wider with increasing current density. That could be attributed to the carbon shell, which improves the electrical conductivity of layered Li 2 MnO 3 material. Figure 6 . Rate capability of the 0G and 15G samples EIS measurements were performed for the pristine and 15G samples at fully discharge state after the electrodes were activated 20 cycles (see Fig. 7 ). The obtained data are fitted using the equivalent circuit (see insert of Fig. 7) , which includes the ohmic resistance (R s ), the surface film resistance (R SEI ), the charge transfer resistance (R ct ). As listed in Table 2 , the R s values show little difference. However, the 15G sample shows smaller R ct value comparing to the pristine one, explaining the higher capacity and better rate performance of 15G sample in Fig. 4-6 . 
CONCLUSIONS
In summary, carbon-coated Li 2 MoO 3 cathode materials were prepared by a facile ball-milling followed by heat treatment. The impacts of carbon coating on the structure and electrochemical behaviors of Li 2 MoO 3 were studied. XRD demonstrated that the carbon coating did not influence the phase structures of the materials. TEM and Raman tests showed that the samples with glucose were coated with a nano-sized carbon layer. The surface coating of carbon leaded to the significant enhancement in the specific capacity, cycling stability and rate capability of Li 2 MoO 3 . Such an improvement could owe the lower charge transfer resistance to the enhancement of the electronic conductivity and the diminishment of the cathode/electrolyte side reactions resulting from the carbon shell on the surface of Li 2 MoO 3 .
